Background and aims 8
1 0 traits of wheat seedlings is critical for the establishment and evidently linked to plant height and 1 1 seed yield. However, plant breeders have not efficiently developed the role of RSA in wheat 1 2 selection due to the difficulty of studying root traits. We set up a root phenotyping platform to characterize RSA in 34 wheat accessions. The 1 5 phenotyping pipeline consists of the germination paper-based moisture replacement system, 1 6 image capture units, and root-image processing software. The 34 accessions from two different 1 7 wheat ploidy levels (hexaploids and tetraploids), were characterized in ten replicates. A total of 1 8 19 root traits were quantified from the root architecture generated. A schematic illustration of the stages and flow of the experimental system is presented in Figure   1 0 8 2. We developed a growth pouch system based on the earlier platform designed by Hund et al. (2009) for maize. Each sterilized seed was placed into a germination paper pouch, that was 1 1 0 constructed from blue germination paper (21.6 x 28 cm; Anchor Paper Company, St Paul, MN, germination pouches were then firmly held to either side of a clear stiff acrylic plate (0.5 x 24 x 1 1 5 30 cm; Acme Plastic Woodland Park, NJ, USA) with a rubber band and a binder clip (Staples Inc, MA, USA) ( Figure 3A) . The acrylic plates also had extended overhangs (0.5 x 1.5 x 1.0 cm) 1 1 7 that fit into a metal support frame that was situated in the top of a customized black 1 1 8 polypropylene tank (54.5 x 42.5 x 6.0 cm) ( Figure 3C ). The 2-D growth systems hung so that 1 1 9 they are positioned about 3 cm deep into the liquid media within the tank (Figure 2 adjusted to pH 6.2.
2 6
A single seed from each accession was placed into a germination paper pouch at 2.5 cm below 1 2 7 the top with the crease-side down at about a 45 o orientation from the vertical plane ( Figure 4A ).
2 8
Positioning the seed at this angle provided two main benefits. First, it allowed the phototrophic 1 2 9 response of the coleoptile to align with the vertical plane without rerouting its mesocotyl.
Second, the position also benefitted the seedling RSA by supporting root emergence away from 1 3 1 the germination paper, resulting in easier image acquisition. After 7 days, with almost all 1 3 2 seedlings at growth stage 10 (Zadoks et al., 1974) , each growth pouch was removed from the 1 3 3 platform, the polypropylene sheets were cut open on one side, and a side of each sheet was 1 3 4 carefully opened to reveal the blue germination paper. Imaging of the roots was carried out using a Flatbed scanner (HP Inc, USA). The acquired 1 3 7 images were saved as standardized compressed image formats (JPG files) which were then The RSA images acquired from the wheat seedling were then semi-automatically measured with 1 4 5
RootNav software and predefined model setting for wheat seedling was used to acquire 1 4 6 measurements of the traits. The root traits that were measured for each replicate included: total Supplementary Table 1 . The common name, taxonomy, origin, and source of 34 different accessions assessed for its seedlings RSA. step is seed sterilization and the assembling of 2D growth pouches (1a), and the placement of involves the acquisition of RSA images using a flatbed scanner (2). The third step is the analyses 1 7 4
of RSA images acquired in the second step (3). The crease of the seed is inverted to face the horizontal plane of the pouch thus allowing the 1 9 0 roots to grow away from the germination paper (B) Illustration of lateral root emerging from the 1 9 1 overlying tissues of the primary seminal root. Statistical analysis of the results obtained from RootNav was processed and analyzed using IBM HSD post hoc analysis was performed to separate the means. Spearman rank correlation coefficients (ρ) was used to determine associations between measured The root of the wheat seedlings grew freely along the airspace between the clear propylene sheet 2 0 3 and the moistened blue absorbent growth paper without growing into the paper. This allowed for 2 0 4
capturing of clearly distinguishable root image from the blue germination paper. RootNav seedlings that were captured 7 days after planting.
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Frequency distribution of germination potential and measured root traits 2 0 8
The germination potential of each PL accessions is shown in Figure 5 . The average germination 2 0 9 rate of hexaploid was 9.4% higher than the tetraploid wheat accessions. The frequency 2 1 0 distribution of the germination potential showed that 85.3% of all accessions exceeded a 90% 2 1 1 germination rate (Supplementary Figure S1 ). The frequency histograms of the measured root traits for the 34 accessions are shown in 2 1 7
Supplementary Figure S2 . There was a strong correlation (0.8) between observed traits of total width-depth ratio and convex hull area. The maximum depth also showed a high correlation (0.9) 2 2 1 with a centroid (Supplementary Figure S3 ). 
